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(57)Abstract: 

PROBLEM TO BE SOLVED: To obtain a data output synchronizing with a 
system clock from an inputted burst signal without the use of an elastic 
buffer or the like. 

SOLUTION; A signal sampling section 10 samples an inputted burst signal in 
a multiphase clock to generate multiphase data streams. A change point 
detection section 20 detects a change point of the burst signal by comparing 
adjacent phase data among the multiphase data streams, A clock selection 
section 30 selects an optimum identification clock that is optimum to identify 
the burst signal among the multiphase clocks based on the phase information 
detected by the change point detection section 20. A clock replacement 
section 40 applies processing to replace the burst signal to a system clock 
based on the optimum identification clock and the phase information. 




LEGAL STATUS 

[Date of request for examination] 

[Date of sending the examiner s decision of 
rejection] 

[Kind of final disposal of application other than the 
examiner s decision of rejection or application 
converted registration] 

[Date, of final disposal fon application] 

[Patent number] 

[Date of registration] 

[Number of appeal against examiner s decision of 
rejection] 

[Date of requesting appeal against examiner s 
decision of rejection] 

[Date of extinction of right] 



Copyright (C); 1998,2003 Japan Patent'Office 



- 1 - 



* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

LThis document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] A signal sampling means to sample the burst signal inputted with the clock of a polyphase, and 
to generate the data stream of a polyphase. A change check appearance means to detect the changing 
point of said burst signal by comparing the data of a phase with which it adjoins of the data streams of 
said polyphase. A clock selection means to choose the optimal optimal discernment clock for 
discernment of said burst signal from the clocks of said polyphase based on the topology corresponding 
to the changing point detected by said change check appearance means. The bit synchronization circuit 
characterized by providing a clock **** substitute means to carry and change said burst signal to a 
system clock based on said optimal discernment clock and said topology. 
[Claim 2] A clock **** substitute means is a bit synchronization circuit according to claim 1 
characterized by being constituted by the 1st discernment means which identifies said burst signal with 
said optimal discernment clock, delay means to delay the output data of said 1st discernment means the 
optimal to said system clock based on said topology, and the 2nd discernment means which identifies 
the output data of said delay means with said system clock. 

[Claim 3] A delay means is a bit synchronization circuit according to claim 2 characterized by being 
constituted by operation means to perform EXCLUSIVE OR operation of MSB of said topology, and said 
system clock, and the 3rd discernment means which identifies the output data of said 1st discernment 
means using the result of an operation of said operation means. 

[Claim 4] A delay means is a bit synchronization circuit according to claim 2 characterized by being 
constituted by at least two delay circuits which give a respectively different time delay to the output 
data of said 1st discernment means, and delay output selection means to choose any one output of said 
delay circuit based on said topology. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] This invention relates to the bit synchronization circuit which can obtain the 
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input signal which synchronized with the system clock in detail with respect to the burst signaling bit 
synchronous circuit which reproduces the signal concerned synchronizing with the phase of a burst 
signal, without using addition means, such as an ERASU tick buffer. 
[0002] 

[Description of the Prior Art] In synchronous processing of a burst signal, it is necessary to detect the 
discernment phase which identifies each burst signal the optimal within the period of a short preamble, 
and to identify a data stream with the optimal phase. The circuit indicated by JP,9-36849,A is known as 
an example of the bit synchronization circuit of this kind of burst signal. The circuit sampled the burst 
signal inputted with the clock of a polyphase, and chooses the optimal discernment clock by detecting 
the changing point of a burst signal, and discernment of the input burst signal in the optimal phase was 
conventionally [ this ] possible for it using this discernment clock. 

[0003] The phase of the burst signal inputted changes for every burst here, and, as for the optimal 
phase, changing for every burst signal is common. And since the data outputted are struck by the clock 
of the optimal phase and it is outputted, the phase of output data will change for every burst. On the 
other hand, the system clock used within a system is always fixed. 

[0004] For this reason, conventionally [ above-mentioned ], when using within a system the burst signal 
identified with the optimal phase, the clock **** substitute circuit which puts the burst signal 
concerned on a system clock, and changes it was used together in the circuit. Especially the clock **** 
substitute circuit [ in / conventionally / this / a circuit ] was realized by the configuration which added 
the ERASU tick buffer which holds the burst signal identified with the optimal phase according to the 
phase of a system clock. 
[0005] 

[Problem(s) to be Solved by the Invention] Thus, discernment of the input burst signal in the optimal 
phase was possible. by choosing the optimal discernment clock to a burst signal, and using this 
discernment clock in the conventional bit synchronization circuit which is indicated by JP,9-36849,A. 
[0006] However, as a result of the phase of the burst signal inputted changing for every burst and the 
optimal phase's changing in connection with this, the phase of the data outputted was also changing for 
every burst. Thereby, conventionally, an addition means like an ERASU tick buffer was needed for the 
latter part of a circuit separately, and the trouble that circuit structure was complicated was in the data 
**** sake which synchronized with a certain fixed system clock in the circuit. 

[0007] This invention aims at offering the bit synchronization circuit which can obtain the data output 
which synchronized with the system clock to the burst signal inputted, without removing the above- 
mentioned trouble and using addition means, such as an ERASU tick buffer. 
[0008] 

[Means for Solving the Problem] In order to attain the above-mentioned purpose, invention of claim 1 A 
signal sampling means to sample the burst signal inputted with the clock of a polyphase, and to generate 
the data stream of a polyphase, A change check appearance means to detect the changing point of said 
burst sigrial by comparing the: data of :a: phase with, which: it^^ 

polyphase, A clock selection means to choose the optimal optimal discernment clock for discernment of 
said burst signal from the clocks of said polyphase based on the topology corresponding to the changing 
point detected by said change check appearance means, It is characterized by providing a clock **** 
substitute means to carry and change said burst signal to a system clock based on said optimal 
discernment clock and said topology. 

[0009] Invention of claim 2 is characterized by to constitute a clock **** substitute means by the 1st 
discernment means which identifies said burst signal with said optimal discernment clock, delay means 
delay the output data of said 1st discernment means the optimal to said system clock based on said 
topology, and the 2nd discernment means which identifies the output data of said delay means with said 
system clock in invention of claim 1. 

[0010] Invention of claim 3 is characterized by constituting a delay means by operation means to 
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perform EXCLUSIVE OR operation of MSB of said topology, and said system clock, and the 3rd 
discernment means which identifies the output data of said 1st discernment means using the result of 
an operation of said operation means in invention of claim 2. 

[0011] Invention of claim 4 is characterized by constituting a delay means by at least two delay circuits 
which give a respectively different time delay to the output data of said 1st discernment means, and 
delay output selection means to choose any one output of said delay circuit based on said topology in 
invention of claim 2. 
[0012] 

[Embodiment of the Invention] Hereafter, the gestalt of operation of this invention is explained to a 
detail with reference to an accompanying drawing. Drawing 1 is the block circuit diagram showing the 
whole bit synchronization circuit configuration concerning this invention. This bit synchronization circuit 
samples the burst data inputted with the clock of a polyphase. Based on the topology detected by the 
signal sampling section 10 which generates the data stream of a polyphase, the changing point detecting 
element 20 which detects by comparing the data of a phase with which it adjoins of the data streams of 
a polyphase, the changing point, i.e., the phase, of the above-mentioned burst data, and the changing 
point detecting element 20 It is based on the clock chosen by the clock selection section 30 which 
chooses the optimal clock for identifying the above-mentioned burst data in the clock of the above- 
mentioned polyphase, and the clock selection section 30. and the topology acquired by the changing 
point detecting element 20. The clock **** substitute section 40 which carries and changes the above- 
mentioned burst data to a system clock is provided, and it is constituted. 

[0013] Drawing 2 is the circuit diagram showing the configuration of the important section 10 of the bit 
synchronization circuit in drawing 1 . i.e., the signal sampling section, the changing point detecting 
element 20. and the clock selection section 30. The signal sampling section 10 is a function part which 
uses for each the clocks CLK1-CLK8 of the polyphase which possesses D flip-flops (it is hereafter 
called DFF for short) 101a-101h, and is constituted, for example, is generated from a system clock, and 
samples burst data among these each part. 

[0014] Drawing 3 is the timing chart of each signal concerning this signal sampling action. At the time of 
a burst entry of data, each DFF(s) 101a-101h are striking the above-mentioned input data [this drawing 
(a)] with the polyphase clocks CLK1-CLK8 [ drawing 3 (b) - (g)] given according to an individual, and 
output the data of Q1-Q8 [this drawing (h) - (m)] to each. In addition, in this example, for convenience, 
although the clock of eight phases is used, this invention is not the thing of explanation which restricts 
the source resultant pulse number of a polyphase clock to eight phases. 

[0015] The polyphase data Q1-Q8 sampled in the signal sampling section 10 are inputted into the 
changing point detecting element 20 of the next step. The changing point detecting element 20 detects 
the changing point of the above-mentioned burst data by comparing the data of a contiguity phase 
about the polyphase data Q1-Q8 inputted. 

[0016] About this change check appearance processing, the contiguous data Q1 and Q2 which they are 
as a result of [ based on CLK4 and GLK2 in the signal, sampling section 10. ]. a. sampling are mentioned,' 
as an example, and are explained. Drawing 4 is drawing showing the basic configuration of the circuit 
concerning the change check appearance processing in this case, and is constituted by NOR-circuit 
201a (component of the changing point detecting element 20) which outputs DFF(s) 101a and 101b 
(component of the signal sampling section 10) which output the polyphase data Q1 and Q2 as a sampling 
result, respectively, and the signal equivalent to NOR (inverted OR) of these output data Q1 and 02. 
[001 7] Moreover, drawing 5 and drawing 6 are the timing charts of each signal concerning change check 
appearance actuation of the basic component circuit in drawing 4 . and drawing 6 is involved in actuation 
in case there is no changing point of data in the middle of the standup of CLK1. and the standup of 
CLK2 with respect to actuation in case especially drawing 5 has the changing point of data in the middle 
of the standup of CLK1. and the standup of CLK2. 

[0018] When there is a changing point of input data in the middle of the standup of CLK1 [this drawing 
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(b)], and the standup of CLK2 [this drawing (c)] so that drawing 5 may also show, the input data [this 
drawing (a)] struck by these [ CLK1 and CLK2 ] is outputted as Q1 [this drawing (d)] and Q2 [this 
drawing (e)], respectively. Here, by taking RQ2 [this drawing (f)] and Q1 itself which is the reversal signal 
of Q2. and CLK1 and NOR by NOR-circuit 201a, when there is a changing point of data in the middle of 
the standup of CLK1, and the standup of CLK2. the change check appearance pulse [this drawing (g)] 
used as "H" level can be outputted. 

[0019] On the other hand, as shown in drawing 6 , when there is no changing point of input data [this 
drawing (a)] in the middle of the standup of CLK1 [this drawing (b)], and the standup of CLK2 [this 
drawing (c)] When RQ2 [this drawing (f)] which is the reversal signal of 02 [this drawing (e)], QNOR- 
circuit 2011 [this drawing (d)] itself, and CLK1 and NOR are taken by a, the change check appearance 
pulse [this drawing (g)] which is the output of NOR-circuit 201a will hold "L" level. 
[0020] The change check appearance circuit 20 which outputs the change check appearance pulse 
which serves as "H'' level when there is a changing point of data in the middle of the standup of the 
clock of a certain adjoining phase so that the above explanation may also show is realizable with a basic 
configuration as shown in drawing 4 . The circuit which put in order only the number equivalent to the 
source resultant pulse number of the polyphase clock which uses this basic configuration is circuitry of 
drawing 2 , and in this case, even if the changing point of input data exists in which phase of the phases 
of eight phases, it becomes detectable [ the changing point of input burst data ]. 
[0021] The pulse which shows the detected changing point needs to carry out fixed time amount 
maintenance of the pulse concerned, in order to choose the optimal clock since only short time amount 
exists so that drawing 5 may also show. An example holding the information which shows this changing 
point of a circuit is shown in drawing 7 . In this example, each change check appearance pulses P1-P8 
were inputted, and the OR of each [ these ] change check appearance pulses P1-P8 was taken by OR 
circuit 202, it outputted as a clock POLK, and the configuration which latches the inputted change 
check appearance pulses P1-P8 is taken by incorporating this clock PCLK on a DFF(s) [ 203a-203h ] 
clock. 

[0022] Drawing 8 is ** and an example at the time of being especially aimed at the change check 
appearance pulse PI [this drawing (a)] and P2 [this drawing (b)] in the timing chart of each signal 
concerning actuation of this changing point detecting element 20. If a certain change check appearance 
pulse (PI. P2) changes to "H" level as shown also in this drawing, the change check appearance pulse 
will pass along OR circuit 202, will be delayed as PCLK [this drawing (c)]. and will be inputted into the 
clock terminal of DFF203. Consequently, a change check appearance pulse is latched. Finally the latched 
signal [the P1Q and P2Q:said drawing (d) and (e)] is encoded with an encoder 204, and it outputs as 
topology [this drawing (f)]. 

[0023] Furthermore, the selector 301 (refer to drawing 2 ) is formed in the latter part of this encoder 
204. Thereby, the optimal clock for discernment can be easily chosen through the selector 301 
concerned based on the above-mentioned topology. 

[0024] The: discernment . clock chosen by this selector 301 is further inputted into the latter cloc 
substitute section 40. The clock **** substitute section 40 identifies burst data with the optimal clock, 
and performs after that processing which carries and changes the burst data concerned to a system 
clock based on the above-mentioned topology. 

[0025] Drawing 9 is the circuit diagram showing an example of the clock **** substitute section 40 
concerning this invention, and is constituted by DFF403 which considers the output and system clock of 
DFF402 and DFF402 which consider an exclusive OR with MSB (Most Significant Bit: most significant 
bit) of the output of DFF401 and DFF401 which consider burst data and the optimal discernment clock 
as an input, a system clock, and topology as an input as an input, and the exclusive "or" circuit 404 
which performs EXCLUSIVE OR operation of a system clock and MSB of topology. 
[0026] It explains with reference to the timing chart which shows circuit actuation of this clock **** 
substitute section 40 to drawing 10 and drawing 1 1 . Here, the difference of the timing chart of drawing 
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10 and drawing 1 1 is in the point that CLK6 is inputted, by the latter as optimal discernment data for 
identifying the burst data of DFF401 at the former to CLK4 of the polyphase clocks CLK1-CLK8 being 
inputted. 

[0027] The clock **** substitute section 40 identifies burst data with the optimal discernment clock, 
and although the data after this discernment are further carried and changed to a system clock, it is 
decided by phase relation between the optimal discernment clock and a system clock in that case 
whether the data after the above-mentioned discernment can be struck with a system clock. Giving 
drawing 10 and two examples of drawing 1 1 as a timing chart of this circuit of operation considers 
explanation of this point. 

[0028] Generally, since a polyphase clock is generated from a system clock, it has phase relation with 
fixed system clock and polyphase clock. In the following explanation, 0LK7 of the polyphase clocks 
GLK1-GLK8 shall be the completely same phase as a system clock as an example. 

[0029] When the optimal discernment clock given from the clock selection section 30 in this premise is 
GLK4 (also in case of the same as when it is GLK 1. 2, and 3), As shown in drawing 10 , about the data 
Qopt [this drawing (d)] which identified and obtained the burst data input [this drawing (a)] by DFF401 
based on the above GLK4 [this drawing (b)] Since a system clock GLK7 [this drawing (c)] starts near 
the center section of the data Qopt concerned, it is possible to strike with the system clock GLK7 
concerned. 

[0030] On the other hand, when the optimal discernment clock given from the clock selection section 30 
is GLK6 (also in case of the same as when it is GLK 5. 7, and 8), As shown in drawing 1 1 , the data Qopt 
[this drawing (d)] which identified and obtained the burst data input [this drawing (a)] by DFF401 based 
on the above GLK6 [this drawing (b)] Since the changing point of data will be greeted near the standup 
of a system clock GLK7 [this drawing (c)], it may be unable to strike with the system clock GLK7 
concerned. 

[0031] Thus, by this invention, topology is used with the phase relation between the optimal discernment 

clock and a system clock as a solution of it becoming impossible for the data after discernment to strike 

with a system clock. That is, topology is expressing eight kinds of phases of GLK1-GLK8 by the triplet 

as the following. 

[0032] GLK1 "> topology "000" 

GLK2 -> topology "001" 

GLK3 -> topology "010" 

GLK4 -> topology "011" 

GLK5 -> topology "100" 

GLK6 -> topology "101" 

GLK7 -> topology "110" 

GLK8 -> topology "111" 

Therefore, MSB of this topology is set to "L" from GLK1 by CLK4, and is set to "H" from GLK5 by 
GLK8. It enables it to strike with a' system clock. finally by setting^^^^^ 
about the data identified with what kind of clock 

[0033] In the configuration of the clock **** substitute section 40 shown in drawing 9 , DFF402 and an 
exclusive "or" circuit 404 are equivalent to the part which manages a delay setup of the above- 
mentioned data. That is, in this clock **** substitute section 40, the data struck, the output data, i.e., 
optimal discernment clock, of DFF401, are again inputted into DFF402. This clocked into of DFF402 is 
an output of an exclusive "or" circuit 404, and serves as the signal GLKO which took the exclusive OR 
of a system clock (GLK7) and MSB of topology, and reversed logic. According to this configuration, when 
MSB of topology is "L", namely, as the optimal discernment clock shows drawing 10 from GLK1 at the 
time of GLK4, the clocked into GLKO of DFF402 [this drawing (e)] becomes GLK7 themselves, and can 
reproduce data correctly. 

[0034] On the other hand, when MSB of topology is "H", namely, as the optimal discernment clock 
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shows drawing 1 1 from CLK5 at the time of CLK8, the clocked into CLKO of DFF402 [this drawing (e)] 
serves as an opposite phase of CLK7, and data can be correctly reproduced like the time of MSB of 
topology being "L" And the data output to a system clock by which it carried and the substitute was 
made can be obtained by hitting again this output QsysO of DFF402 [ drawing 10 (f) and drawing 1 1 (f)] 
again with a system clock (CLK7) [ drawing 10 (g) and drawing 1 1 (g)]. 

[0035] In addition, in the circuitry shown in drawing 9 . although the approach of switching a clock is 
adopted using MSB and the exclusive OR of topology, a general selector may be used for a switch of 
such a clock. Furthermore, circuitry as shown in drawing 12 as an option is also possible. Clock **** 
substitute section 40A in this drawing is taken as the configuration which chooses by the selector 414 
based on the topology which mentioned above the output data of these delay circuits 412 or a delay 
circuit 413 after dividing into two paths of a delay circuit 412 and a delay circuit 413 the data Qopt 
identified with the optimal discernment clock by DFF411 and setting the difference of the time delay 
between these 2 paths as half-clock extent, and is further identified with a system clock by DFF415. 
[0036] 

[Effect of the Invention] As explained above, according to this invention, the changing point of the 
above-mentioned burst data is detected from the data stream of the polyphase which it is as a result of 
[ with the clock of the polyphase to the burst data to input ] a sampling. After establishing the bit 
synchronization to burst data using the optimal discernment clock chosen based on the information on 
this changing point. Furthermore, since it uses that fixed phase relation between a polyphase clock and 
a system clock is, the data after the above-mentioned bit synchronization establishment are put on a 
system clock after being delayed the optimal based on the above-mentioned phase relation, and it was 
made to change. It has the advantage that the burst signal reception output which synchronized with the 
system clock can be obtained, without using addition means, such as an external ERASU tick buffer. 
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DESCRIPTION OF DRAWINGS 



[Brief Descriptionr of; the Drawings]; 

[Drawing 1] The block circuit diagram showing the whole bit synchronization circuit configuration 
concerning this invention. 

[Drawing 2] The circuit diagram showing the configuration of the important section of a bit 
synchronization circuit. 

[Drawing 3] The timing chart of each signal concerning actuation of the signal sampling section in 
drawing 2 . 

[Drawing 4] The circuit diagram showing the basic configuration of the changing point detecting element 
of a bit synchronization circuit. 

[Drawing 5] The timing chart of each signal concerning actuation to timing with a changing point 
detecting element. 

[Drawing 6] The timing chart of each signal concerning actuation to another timing of a changing point 
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detecting element. 

[Drawing 7] The circuit diagram showing the configuration of the changing point detecting element of a 
bit synchronization circuit. 

[Drawing 8] The timing chart of each signal concerning actuation of a changing point detecting element. 
[Drawing 9] The circuit diagram showing the example of 1 configuration of the clock **** substitute 
section of a bit synchronization circuit. 

[Drawing 10] The timing chart of each signal concerning actuation to timing with the clock **** 
substitute section. 

[Drawing 11] The timing chart of each signal concerning actuation to another timing of the clock **** 
substitute section. 

[Drawing 1 2] The circuit diagram showing other examples of a configuration of the clock **** substitute 

section of a bit synchronization circuit. 

[Description of Notations] 

10 Signal Sampling Section 

101a-101h D flip-flop (DFF) 

20 Changing Point Detecting Element 

201a-201h NOR (inverted OR) circuit 

202 OR (OR) Circuit 

203a-203h D flip-flop (DFF) 

204 Encoder 

30 Clock Selection Section 
301 Selector 

40 40A Clock **** substitute section 
401 402,403,41 1,415 D flip-flop (DFF) 
404 Exclusive "or" Circuit 
412,413 Delay circuit 
414 Selector 
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T-tn^'tb^lBT'-iJ'Q 1 . Q 2 5rffi;^)-t-SDF F 1 0 

la, 101b m^^^^^v^^i^m o(ommmm) 

rtufetli;^y'— 1 . Q2WNOR (5;e?p) 
tiai-?)m-§-Srm;'3-t-?)NORlHlBS2 0 1 a (^'ft:^^ 

[0 0 17] |ll5ST^Ill6f4. |2l4»c:io(t?)S* 

f^^-h-C-fci3> 1115(4. CLK 1095i:*>±;5S!9 

t C L K 2 (D35:*>_h;J5 9 « 'I^Fb^CIt'— ^? (O^-fb^^iSfe 5 
m^(DW}m^^t>ih(OXh'0 . 1116(4. CLKlCD3i: 

*j±/isb t C LK 2 (r>iL-h±ti^ iQ <D'f'mi:i'r—-$' (D^'ft 

M.t)>ti:\^^m^<ommz'^^i:>?> h<oxhio 

[0 0 1 8] |lI5d^p3t>^>d^SJ;5t-. CLKl [PHH 
(b) ) <D±^±i)^'0 tCLK 2 mm (c) ] Oil*, 

CLK lSO:CLK2-C'jTfcHfcA;^7:— ^ [IHHI 
(a) ] (4.,^.tV^••i^Q 1 [mm (d) ]., Q2,[|S1I2I. 

(e). J t urffi;^;^'ix5.. rr-e^i .israRiHlsS:2 ou 

aX'. Q2©Sfe«-i-T'*35RQ2 [mUl (f) ] t 
l-?rrot><OtCLKl tCDNORSrtSrtlCj;?). C. 
LK10S:*)±*st) i:CLK2cDS!:*)±;eiSf9®tt>pB'3(;i-7' 

[mm (g) ] ^mti-nzti'^x.^^, 
[0 0 19] ::n(-»b. m6(:i*i-^D<. clki 
[mm (b) ] cdS!:*>±*5 13 c L K 2 [mm (c) ] 
<D±ib±i)^'o<D'pr^i:iAti7'-^ [mm -(.a) ] (omit 

,^t/iS5iV>^.(4. .NGRlElK'2 O'.l aT^ Q2 [mS 
(e) ] (ORmB^Xh^R-Q2 [mm (f) ] tQl 
[mm (d) ] ^©tf^i C LKl ircONORSrt ^. 

t. NORIhISS2 0 1 a(Dmt)Xh^^-i\:.^^tii^<^^:^ 
[mm (g.) ) (4 T L j U'</V'Sr<*i^-r^r irldJiS. 
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[0 0 2 0] S>ki:.<r>nmii''h\>^t^^}^b\^. fcSPS 

[00 2 1] It a Lfc^-lb^Sr^i-^^Vw^^f*. m 5 d^fe 

n s/ ^' Sr®*^i-5 ^^/-^/v;^ 

cO-«?iJSria7tc^L-CV^5<, r<D^J-C-Ji. #^'fb-'S1tW 
p 1 ~p 8 $rA;^ rttfe)^^'fk-^i:*ttll^^Vp;^ 
P 1~P 8(Df^SfPSrOR[HlK2 0 2-ei:oT;J' n j/i' 
PCLKt LTI±l:^L, rOD^'n s/^ PCLKSrDFF 
203a~2 0 3h<Oi5'ci j/ ^ tcit t) jitf ^ t J; t) . 
A;^$^xfc^'fli^^m^-</V':^p 1 ~P y^T^m 

[002 2] 111 8 r <n>mt^^mu 2 0 ©»f^tr>S 

tu/^/i'^^pi cpiis (a) ] tP2 {mm (b) ] 

5^^t;-^1tm^•</^;^ (PI. P2) ;S3 THj u-<Mzm 
i^-t^b. •?■w^'^t■|^^t^l^^V^;^fiORIElK2 0 2 5ra 

PCLK CPlllI (c) ] t LTJlM^tut:. DFF 
2 0 3co^D s/^)ffi^f-A;t»^tv5o ^-ft,^ 

[P 1 Q. P 2Q : mm (d) , (e) ] Sr3i>'=i- 
^^2 0 4tiT^V3-KL. fetaW^ CI^EI (f) ] t 

[0 0 2 3] KJC, rW^^V-^i — ^^2 0 4<D^S(C(±-fe 

U'^'^ 3 0 1 ■ (lll2#fi?,) dss:itfenri/^5. rtulciJ; 

\^ir^3 0 1 $r.iS.CT:ffi*.lc®fei--5.w i:,ilT-# 5. 
[ 0 0 2 4 r r <^-fe: UjJ'^^^S O 1 {Ci ij SJi^ixfciagiJ '•■ 
i?n.yi?tt. H»^^^<Oi5'Ci s/j?«itg|;^§|5 4 OlrA:^) 
SHSo i^n -;/^«i3:ife^gB4 Ofi, y<—:^hv'—$'^ 

[0 0 2 5] 0 9 iJ' n y 

^yf ^T^ti i-r5DFF401. DFF 40 
l<Dmt>h'y:^y-J^i'^-y{'Rxm.m^n<DMSB (Mo 
St Significant Bit : fti-fefy l>) t (D^^^&OtmM'^ 
4rA;^ti~5DFF 4 0 2, D F F 4 0 2 Offi;'? t ->:^ 
7"i>.^ns/^?rA;^i:i"2>DFF4 0 3. ->;^-rA^'D 
y ^ tm^mn<DU S B t wSM&6<]!^S?PiS#iSr=fT 5 # 



5 

{t!iet)^S?Pla]SS4 0 4i;iJ:91»j*$tu5<, 
[0 0 2 6] n .;/^^-fr|a;ta5 4 OCOlUgglbf^S: 

ifte^-rSo -r-c-x ai 0 iiai 1 ©^'f ? v^f^-ir- 

DFF 4 0 IT?©^^— ^ hx— ^SriSBU 

^ C L K 1 ~C L K 8 © 9 ^<DC L K 4 ;d5A:^ $^^5© 
1^54- tr. ^#-C«CLK6;6SA;^$tuTI/^5^iCfc 

10 [ 0 0 2 7 ] :J' n 0 z^-:^ h'T- 

SSfSiSiJ^ CI s/ :J' t v-;^^ Ai> a 5/ iS' i: ©tetBM# 

h t bTEl 1 OZSlU^B! 1 1 © 2o(DMSr^»f "C 
[0 0 2 8] — ^ic, #^8:^' n .yjJ'fiV;^7"A:i' o -/^ 

0!libT, #tBiJ'Ds/^^CLKl~CLK8<05'^WC 
L K 7 ;6S V;^ i=s iS' P tJ' t ^ < Is) Cfir+B 5 t 

[0 0 2 9] ;{i^;6»5Hua»C*3V^T, iJ' d il*lg)5 3 0 
/5»P5-^;tP>n5*3i?SI&Ji5' D y^'*SCLK4Tfe5^-a- 

(CLKl, 2, 3-efc5^t>l^#) > 01 OfCS^-r 
$n<. K-r-^A;^7 Cl^m (a) D 5r±IECLK 

4 [HHI (b) ]'KS'5#DFF4 0 ltC-Cf^SiJLT# 
fc'T-iS'Qopt [|r)|21 (d) ] ^COV^T^i■, a^T'-^? 
30 Qopt<0't>*lfB#ie-C-v';^-r-A^'Ds':J^CLK7 CIrHH 

(c) ] iji±ib±.i^^t^^. ^m'y:^'rJ^i'oy^c\. 

[0 0 3 0] rtbtc^LT. jJ'D .y^iS^^Fpa 0;5>?3J5• 
;t?>^^5*igfaSlJ^5'D s/c^^JSCLKe-C-feS^-^ (CL 
K5, 7, S-CfoS.^'b.lBl^) mi.i.i-^i-^px X. 
y^— ;^ Kt'— ^A*; [IDE (a). I S-±iaCL.K.6. [Ir1 

0 (b) ] {cs<5.#df:f-4,o iKxmwwxAWttT'- 

^Qopt [IHH21 (d) ] i^;^-7"A:?D s/^CLK7 

CI110 (c) 0 w^c*)±;45!3^^i5T•7'-^©^'^k-■^^&a 
40 x-^r it;i?i-5fcfe. s^->:=^7"-t,^'Ds/^cLK7-e 
JTo c: t ;eis t? # V 5 ^ 

[0 0 3 1 J SiifSSiJi? n ■y^' t v-;^7"A 

u y ^ i <^&tgH#{^ J; o.T , gliSiJ^W-f'- ^y;^ 
y-J^^uyifX'f]Xfi<f£^:Lt--^(DnWk:^Wit LtTs 

tf$ST-(i. CLK l~CLK8©8Jif3©teffiSr^r!|;ili 
aT«$D< 3 t's/ ht?*mLTt^5o 
[ 0 0 3 2 J CLKl r 0 0 0 J 

CLK2-^^4ffiW® ro 0 IJ 

so CLK3^ttffitt® fO 1 OJ 
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cLK4-»teielf^ ro 1 1 J 

CLK5-^tt:tBlf$8 ri 0 Oj 
CLK6^{3:tBttlS ri 0 ij 
cLK7-^{4*st*« ri 1 Oj 

CLK8-*fiirffitf^ ri 1 1 J 

^¥oT. r(D'fi^BtS$g<DMSBf*. CLKl;i>5>CLK 
4-C-fi TLJ t^'it)^ CLK5*»bCLK8-Cfl THj 

i: d j; 9 , v S i> o 5/ ^ T'^giJ $ Mtrf-'^ »-ov ^ 

[0 0 3 3] |g]9lc:^i-^ny^'t6-^lfe^g|54 QCO^^ 
i;i*5l/^T, DF F 4 0 2St;'g^fl6&*)fmSfnlHlK4 0 4:65 

*>, rW^D 5/^®-^tfexg|54 0-e«, DFF401® 
ai;^x-i?i-'^ii:)*>SigSaSiJ^ d ■;/ •cfT^tifc'r- ^5' 
t^^^TiYY ^Q2\^?<h^^^^ ;i©DFF4 0 2© 
^' n •yiJ'AJ^fi. gm6tlSfeSfP[eI8S4 0 4 0til;^-efe 
t), -y7.7-J>^^X2y^ (CLK7) i^'tetatf^WMS B 

FLJ 03^. i-;^£*P*j*iiS?SS"J^'Ds'i!'XiSCLKl*i 
bCLK4©^. HI 1 0(;i;^-rJ: 51-. DFF4 0 2<0 
^ns/^A;^CLKO Clslll (e) ] liCLK7-?:©t. 

to 0 3 4] teffilt^tDMSB^JS THJ (^^, -f- 

>fc*^*>S5ii9sSIJi5' n s/ ^ dSC L K 5 C L K 8 CD^, 
la 1 1 l-^T^-f-J; 5 i-. DFF4 0 2(Di? a •;/^A;t;C L 
KO [ISim (e) ] fiCLK7<Dj§Sfe^Bi:/£t3. -fS+it* 
SOMSB;65 TLJ cD^t IDfiltilx-^ S^IE?t^^S^T- 
^ 5 i 5 l-'^CSc, ^UT. r(0DFF4 0 2<Dtil:^Qsy 
sO [m 1 0 ( f ) , HI 1 1 ( f ) ] 'y:^7-J>^ 
^X3yy (CLK7) -C^T^jE-T-it?. v';^7'A^D 

#5 CEIi 0 (g.) .. gli 1. (g)..] . 

[0 0 3 5] E19tC^-riH]SS1fj5£ti*5lvT|i, ifi: 

ffiW^tOMS B .tStMWagSfnSr^lJMLTV iJ' n ;/ ;?■ 

'hm^mh L-CttHI 1 2 Jc^-fJ: 5'feIH]K«J5£tWtgT'• 
fe?>o lBl[il(;:*J»t^;? n s'i?^-fr^xlfi54 OAH, DF 
F 4 1 1 filTftiSfSSSiJ^' CI s/^Tf^SiJ$Hfc-r-^Qop 
tSrilJglHlgg 4 1 2 1 31MlHl!^ 4 1 3 t «0 2 SSSfC^^il 
CW2ig8Srp1©jiS^ra<D^?lr^i^n .y^SatctS; 
3eLfc5 5.t?. C:nf>®5f[H]!SS4 1 2Sfc(iil5fi|e]SS4- 

4 14t:'51JIIL. H(CDFF4 1 5-e->;^T-A:J'D -^^ 

[0 0 3 6] 



-5 t'-> M^ffiSritSlLfc^. Htci. ^ffii? cj ^ t 
*jgJ-gSbfc5 x-ev';^7^i^^ CI s/^J;:^-B:lft^-5<t 

[HIMrolffiW^IftB^] 

[1112] 1^2/ Msl«lH]?S©Sla5(^«j^5r*i-|H]K[lIo 
[0 3] m2\cis\-f?,iS^1f->y^D>'i^^<^W3i^i^^t^ 

[04] tf -y MII^lH]i^W^>(t,^:^ffig|50**filfig5r^ 
20 i-[HlSSEl„ • 

. [HIS ] mV.!^^mU<Dih^^^ 5 vyT?ro.t!if^lc#,i:5 

, [0 7] t*> hPl^Hggco^'fk/S^mgBWlf^SrS^i-lH] 

^0c . . • 

[0 8 ] m\Li^^mu<Dmm^^^f:>^^m^(od' ^ ^ v 

[01 0] >n ■;/^^-g:m;tla5Wfc-5;^'(' ^ v^-CWtb 

[011] ^'n s/ ^^ii:#|x.a50S'JW;5''l' ^ Vi/-ecDib 
f^lc#i^5#ff-§-i^i5'-l' 5 ho 
[0.1. 2.].. If 5/ hlll«Il]K©i?.ci s/^«-*mx.SBom©. . 
. «^«sj.?Sr^-riHlK0. 
[W-^-oUi?^]-: 
10 ^t■§-!^>:/y vi/gp 

101a. ~. lOlh D7 y S'T'^D (DF 

40 F) 

2 0 ^'fk,fe:^tagl5 

2 0 1 a, ~. 2 0 1 h . NOR (^^tfP) Egg 

2 0 2' OR (^Sfo) iHlSS 

203a,~, 203h D7y Vfynyf (DF 
F) 

204 ^Vn— ^ 

3 0 ifriy^m^^ 

3 0 1- -feUiJ'^ 

4 0, 4 OA ^ CI y^^ilr^xgC 

50 401, 4 02, 4 0,3, 411, 415 T>y ^) yf 
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(6) 



yuyZt (DFF) 

4 0 4 mm^^mm^ 



10 



4 12, 413 il^[Hl8S 
4 14 ^\^^ ^ 



\m\\ 



n 



-10 



20 



30 



CLEl 



CLKZ 



D Q- 



tOla 



> 



i> ^ 

lOlb 



ID m^>Tvy^^m 

j 201o 



[1112] 




20 ftihjiifeffltt 



[III51 



[me] 



(a) ?<n^—^ 

(b) CLKl 

(c) CLS2 

(e) q2 

(f) a<j2 




(a) A:ft5'-4r 

(b) CLKl 

(c) CLK2 

(d) Ql 

(e) QB 
(f> HQ2 



~1_J — I \ — L 

L_r~L_r" 



(g) I&<l:jft4f^tu 
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(7) 



[133] 



[137] 



(a) J^-h'T-^i^ 

(t>) cua 

(c) cua 

(d) CliKS 

(e) CUU 
(f } CLKB 

(g) cum 

(h) Qi 

(i) 02 
0> Q3 
(k) 04 
(1) Q6 



(a) PI 

(b) pa 

(c) PCLK 

(d) PIQ 

<e) P2Q 




[138] 



J L 



/t^;3^ . PS 



zp 

ri-/ 2038 

1^ ( > 1Q 



D 



^PSQ 



3 



[139] 



CLKO 



0] 



[[311] 



(b) CLK4^ 

<C)CLK7 , 

(d) Oopt 

(e) CLE)0 

C=CLK7) 

(f ) q^yeO 



(a) /^-^T^^ _r 




"1 



(b) CLKS 

(e) CLK7 , 

<<j) Qopc 



(e) CLKO_ 



=(CLK7) 



(f).Q»y«0 



"uj I r 

"LJ — I 



J — \ r~i r 
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(8) 



(mi 21 




